D iabetic retinopathy (DR) is a leading cause of blindness among working age adults in the United States and can significantly affect an individual's quality of life and functional capabilities. The estimated number of Americans 40 years and older with a DR diagnosis is expected to triple between 2005 and 2050, from 5.5 million to 16 million individuals. 1 Although many of these patients will have mild DR, they are at risk for progressing to the more severe forms of DR and experiencing a significant decline in productivity, mental health, and quality of life. [2] [3] [4] In particular, Mazhar et al 3 found that worsening severity of DR was significantly associated with worse general and vision-specific quality of life in a Latino-based population. However, these studies 2-4 were conducted in clinic-based populations or population-based studies focused on particular ethnic/racial groups, limiting the generalizability of the results to the US population.
The National Health and Nutrition Examination Survey (NHANES), an ongoing cross-sectional study conducted during 2-year cycles to reflect a representative sample of the US civilian, noninstitutionalized population, previously evaluated the prevalence and severity of DR through the evaluation of retinal photographs. In addition, NHANES has ascertained self-reported functional difficulties related to vision. The primary aim of this study was to evaluate the prevalence of vision-related functional burden among individuals with varying severity levels of DR in the United States, while controlling for various ocular and sociodemographic factors.
Methods
The research adhered to the tenets of the Declaration of Helsinki. 
Study Population
Data were obtained from the 2005-2006 and 2007-2008 rounds of NHANES, a rolling cross-sectional study performed in 2-year cycles on a new cohort of participants chosen to reflect a representative sample of the US civilian, noninstitutionalized population through a complex, multistage probability design. Survey participants were invited to undergo a comprehensive health examination in a mobile examination center, including visual acuity testing and blood testing. Retinal photographs were obtained for participants 40 years or older. Home interviews provided self-reported basic sociodemographic data, medical history, and vision-related functional difficulties.
Evaluation of Diabetes
Individuals were categorized as having underlying diabetes on the basis of an algorithm developed by Varma et al. 6 Specifically, individuals were classified as having diabetes if they (1) self-reported a history of diabetes based on the question, "Have you ever been told by a doctor or health professional that you have diabetes or sugar diabetes?"; (2) had a glycosylated hemoglobin A 1c value of at least 6.5%; (3) used antidiabetic drugs according to the medication inventory file; or (4) had a positive response to the question, "Are you now taking insulin?" or "Are you now taking diabetic pills to lower your blood sugar?"
Evaluation of DR
Diagnosis of DR was based on grading of fundus photographs by masked graders at the University of Wisconsin Ocular Epidemiologic Reading Center by using a nonmydriatic image of the retina in each eye from a Canon CR6-45NM ophthalmic digital imaging system and Canon EOS 10D digital camera (Canon Inc). A senior grader and/or a senior ophthalmologist resolved intergrader discrepancies regarding the level of DR. Severity of DR was based on the Early Treatment Diabetic Retinopathy Study protocol. 7 Participants were then categorized based on the severity of DR of the worse eye as having (1) no retinopathy, (2) mild nonproliferative diabetic retinopathy (NPDR), (3) moderate NPDR, (4) severe NPDR, or (5) proliferative diabetic retinopathy (PDR). Those with mild or moderate NPDR were categorized together because of the similarities in the distribution of vision-related functional burden. Similarly, those with severe NPDR or PDR were categorized together because of the similarities in the distribution of vision-related functional burden (eFigures 1, 2, and 3 in the Supplement).
Evaluation of Difficulty With Visual Function
Self-reported functional difficulties secondary to vision problems were assessed over multiple categories, including (1) reading; (2) close-up work; (3) finding objects on a crowded shelf; (4) walking down steps, stairs, or curbs; (5) noticing objects to the side during ambulation; and (6) driving. For each category, participants described difficulty on a Likert scale: (1) no difficulty, (2) little difficulty, (3) moderate difficulty, (4) extreme difficulty, and (5) unable to do because of eyesight. Participants were categorized as having difficulty with a specific task if they reported moderate or extreme difficulty or if they noted that they were unable to do the activity because of their vision.
Evaluation of Vision
Visual acuity was measured for each eye as previously described. 8 Presenting acuity for each eye was assessed using an autorefractor that contained built-in visual acuity charts (Nidek ARK-760). Presenting acuity was recorded as the smallest line for which 4 or more characters were read correctly. Presenting acuity was also analyzed as a continuous variable after conversion into logMAR units.
Statistical Analysis
Group differences in the prevalence of the aforementioned specific functional difficulties across DR severity levels were evaluated using χ 2 analyses. Furthermore, we created a composite dichotomous variable, defined as vision-related functional burden, which was present when individuals had moderate difficulty or greater in any of the above 6 functional tasks. Multiple logistic regression analyses were used to evaluate the association between objectively measured levels of DR and vision-related functional burden, controlling for presenting visual acuity (better eye), age, sex, educational level (ie, less than college or any college), race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, or other), and self-perceived health status (poor/fair or good/excellent). Furthermore, because diabetes can lead to diabetic macular edema (DME) and DR, we wanted to assess the relative effects of these conditions on visual function. Thus, the presence of DME was also controlled for in the multiple logistic regression models, in which the presence of DME was ascertained through the analysis of fundus photographs. In addition, because DME may have been underdiagnosed given that it was detected by only fundus photography and not optical coherence tomography, we adjusted for central visual acuity, which is frequently affected by the presence of DME. Multiple logistic regression analyses were also conducted to assess the association between the various levels of retinopathy and specific functional difficulties as judged by the responses to individual questions. Figure 1 ). Compared with persons with complete data, persons with incomplete data were older, had worse vision, and differed in their racial/ethnic distribution ( Table 1) .
DR and Vision-Related Functional Burden
Among US adults 40 years or older with diabetes, the weighted prevalence of vision-related functional burden was 20.9% (95% CI, 17.6%-24.2%). The weighted prevalence of vision-related functional burden was 20.2% (95% CI, 16.3%-24.1%) for those with no retinopathy, 20.4% (95% CI, 14.2%-26.5%) for those with mild and moderate NPDR, and 48.5% (95% CI, 25.6%-71.5%) for those with severe NPDR or PDR (P =.02) (Figure 2) . Multivariate logistic regression analysis showed that the odds of vision-related functional burden were significantly higher (adjusted odds ratio [aOR], 3.59; 95% CI, 1.29-10.05; P = .02) among those with severe NPDR or PDR than among those with no retinopathy. There was no significant difference in visionrelated functional burden between those with mild or moderate DR compared with those without retinopathy (aOR, 0.99; 95% CI, 0.61-1.63; P =. 98 )( Table 2) . These results did not change after controlling for presenting visual acuity or DME (Table 2) . Male sex was associated with greater odds of visionrelated functional burden compared with their female counterparts (aOR, 2.16; 95% CI, 1.40-3.34; P < .001), whereas those with better self-perceived health status had lower odds compared with those with poor self-perceived health status (aOR, 0.50; 95% CI, 0.32-0.77; P < .001) ( Table 2) . In a separate multiple logistic regression model, in which we excluded those with no retinopathy, those with severe NPDR or PDR did not have a statistically significant greater vision-related functional burden compared with those with mild or moderate NPDR (aOR, 2.70; 95% CI, 0.93-7.78; P = .07).
DR and Specific Vision-Related Functional Difficulties
Among all US adults with diabetes, the weighted prevalence of vision-related difficulty was 11.4% (95% CI, 9.0%-13.8%) Specifically, individuals were classified as having diabetes if they self-reported a history of diabetes based on the question, "Have you ever been told by a doctor or health professional that you have diabetes or sugar diabetes?" Individuals were also categorized as having diabetes if they had a glycosylated hemoglobin A 1c value of at least 6.5%, antidiabetic medication use according to the medication inventory file, or a positive response to the question "Are you now taking insulin?" or "Are you now taking diabetic pills to lower your blood sugar?" NHANES indicates National Health and Nutrition Examination Survey; NPDR, nonproliferative diabetic retinopathy; and PDR, proliferative diabetic retinopathy.
for reading, 9.7% (95% CI, 7.2%-12.1%) for close-up work, and 5.4% (95% CI, 3.7%-7.1%) for finding objects on a crowded shelf. In addition, among all US adults with diabetes, the weighted prevalence of vision-related difficulty was 9.6% (95% CI, 7.3%-11.9%) for walking down steps, stairs, or curbs; 4.3% (95% CI, 2.8%-5.7%) for noticing objects to the side during ambulation; and 1.8% (95% CI, 0.8%-2.8%) for driving. Significant vision-related difficulty with specific tasks was more frequent in those with NPDR or PDR (33.3% for reading and 14.5% for noticing objects to the side) compared with those with mild and moderate NPDR (8.5% for reading and 2.8% for noticing objects to the side) or no retinopathy (11.7% for reading and 4.4% for noticing objects to the side) (P = .003 for reading and P = .05 for noticing objects to the side) but not with regard to close-up work; seeing objects on a crowded shelf; walking down steps, stairs, or curbs; or driving (Figure 3) . However, when we controlled for potential confounders, there was no statistically significant difference in the individual visionrelated functional difficulties across the 3 groups. In multivariable regression analysis, those with severe NPDR or PDR tended to have a greater reading difficulty compared with those with no retinopathy (aOR, 2.68; 95% CI, 0.87-8.3; P = .09). Those with severe NPDR or PDR also tended to have greater difficulty noticing objects to the side compared with those with no retinopathy (aOR, 2.74; 95% CI, 0.52-14.5; P = .24) (eTable in the Supplement).
Discussion
Approximately half of US adults 40 years or older with severe NPDR or PDR reported difficulty with 1 or more visual function task, possibly affecting their daily work or activities; these patients reported significantly greater visionrelated functional burden than those with no retinopathy, even after adjusting for visual acuity and other confounding variables. These results reinforce the importance of preventing severe forms of DR.
In its severe forms, DR can lead to visually devastating consequences resulting from complications such as tractional retinal detachments, vitreous hemorrhage, macular ischemia, or neovascular glaucoma.
10 Such complications lead to a decreased quality of life and a decline in mobility. 2-4 Our study found that those with severe NPDR or PDR had significantly greater levels of vision-related functional burden compared with those with no DR. Specifically, we found that those with severe NPDR or PDR had a 4-fold greater vision-related functional burden than did those with no DR, even after controlling for central visual acuity or DME. These results suggest that the greater vision-related functional burden among those with severe NPDR or PDR is likely secondary to changes in the peripheral retina, leading to visual field loss, dyschromatopsia, nyctalopia, or reduced contrast sensitivity. 11, 12 In addition, among those with peripheral DR, peripheral retinal changes can manifest in the forms of tractional retinal detachments, vitreous hemorrhage, or destruction of retinal tissue after panretinal photocoagulation (PRP).
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The influence of worsening DR on quality of life has been reported by Mazhar et al 3 in a Latino-based population in the United States, in which DR progression led to significant decline in driving difficulty and the composite qualityof-life measure based on the 25-item National Eye Institute Visual Function Questionnaire and the Medical Outcomes Study 12-Item Short-Form Health Survey scores. In particular, that study 3 noted that an important threshold for the worsening of quality of life was when patients developed DR worse than moderate NPDR. Similarly, Coyne et al 2 conducted a focus study group and found that when patients had moderate and severe NPDR or PDR, they frequently noted loss of independence and mobility. Our study adds to these findings by using a nationally representative population and by controlling for a multitude of confounding factors, including central visual acuity and DME. However, in contrast to the other 2 studies, 2,3 we did not find that moderate NPDR was associated with a decline in visual function. Possible explanations for this could be secondary to the variance surrounding the grading protocol and the image quality of the retinal photographs across the various study centers; thus, those with moderate DR in other studies may actually have had severe DR. Nevertheless, given the influence of severe NPDR or PDR on visual function, there is a public health importance to slow and prevent the progression of DR, especially before conversion to the proliferative stage with the need for invasive procedures, such as PRP, intravitreal anti-vascular endothelial growth factor (VEGF) injections, and vitrectomy. During the early stages of DR, available management options include lifestyle changes and systemic medical interventions to control hypertension, hyperglycemia, and hyperlipidemia.
13-17 When DR progresses to visually threatening stages, such as very severe NPDR or PDR, PRP has been the standard of care, with vitrectomy as a surgical adjunct when PRP alone is inadequate or not feasible because of vitreous hemorrhage. 10 The disadvantage of PRP, however, is that it is associated with nyctalopia, visual field loss, loss of color vision, and reduced contrast sensitivity. 11,18 An alternative to PRP is a pharmacologic approach: intravitreal anti-VEGF injections, which may lead not only to the prevention of worsening DR severity levels but also to clinically meaningful improvements in DR severity levels. [19] [20] [21] The improvements in DR severity levels may, in turn, lead to improvements in central visual acuity and contrast sensitivity. 21, 22 However, the disadvantage of intravitreal anti-VEGF injections is the need for adherence to monthly visits at least in the first year and not being cost-effective in the United States in the absence of simultaneous vision-impairing DME with the PDR. 23, 24 Taken together, these studies show the association between anatomical benefits of anti-VEGF injections and the potential influence of improving DR severity levels to maintain or improve visual function among those with diabetes in the United States. Future research should be conducted in this area to better understand how DR regression achieved by medical therapy may affect an individual's quality of life and a variety of peripheral visual function outputs. In particular, such an approach should be systematically coordinated with recommended screening algorithms for patients with diabetes and known DR progression rates by severity levels.
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Limitations
Our study has several limitations. Many individuals with diabetes did not have complete ocular and sociodemo- a Vision-related functional burden defined as having moderate or greater difficulty with at least one of the following tasks because of vision: (1) reading; (2) close-up work; (3) finding objects on a crowded shelf; (4) walking down steps, stairs, or curbs; (5) noticing objects to the side during ambulation; and (6) driving. There were no significant changes in the model when the presence of diabetic macular edema was included. Given the collinear association between visual acuity and diabetic macular edema (ie, diabetic macular edema commonly leads to decline in visual acuity), the presence of diabetic macular edema was excluded from the above regression model. graphic data. Those with incomplete data were more likely to have worse visual acuity, which may have led us to the underestimation of the true visual function burden of those with DR. In addition, fundus photographs were based on 2-field photography rather than wide-field photography, potentially contributing to a misclassification bias and an underestimation of the burden of severe DR and its associated visual function difficulty in the United States. Furthermore, critics may argue that we were unable to adequately control for other ocular pathologic conditions that may have affected visual function. For instance, because DME was not assessed by optical coherence tomography, it is possible that we inadequately controlled for the association of DME with visual function. A further limitation of the study was the small number of individuals with severe NPDR and PDR, restricting our ability to evaluate the influence of these retinopathy levels on specific functional tasks in our multivariable regression models. Finally, our outcomes were based on subjective outcomes, which may not correlate with what is seen objectively. Future studies should aim to complement our study by enrolling a greater number of patients with severe NPDR and PDR and studying the association of DR with objectively measured outcomes, such as physical balance, falls, and reading speed.
Conclusions
Half of US adults 40 years or older with severe NPDR or PDR reported difficulty with 1 or more visual function task that possibly affected their daily work and activities. These patients reported a significantly greater vision-related functional burden compared with those no DR, even after adjusting for visual acuity. Ophthalmologists should take a comprehensive approach in not only preventing severe levels of DR but also regressing severe levels of DR through the promotion of lifestyle, systemic medical, and focused retinal interventions. Error bars indicate 95% CIs. NPDR indicates nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy. P values represent comparison across the 3 groups (severe NPDR or PDR vs mild and moderate NPDR vs no retinopathy).
